TITLE OF THE INVENTION 

CLAMP 

PRIORITY CLAIM 

[0001] This application claims the benefit of United States Provisional Application 
Serial No. 60/406,686 filed August 29, 2002, the contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] This invention pertains to a clamp having a built-in load limitation 
mechanism and comprising a clamp body and an actuating device, constructed and 
arranged so that manipulation of the actuating device results in a corresponding 
contraction or expansion of the clamp body, thereby exerting a uniform and 
controlled force on a tubular structure held thereby. 
Description of the Related Art 

[0003] Known clamp devices suitable for holding tubes or hoses are described 
below and are depicted in Figures 1 and 2. Figure 1 shows a prior art clamp 10 
comprising a curved resilient portion 12. Extending from the curved resilient portion 
12 is a first post 14 with an unthreaded hole 22 located at the free end of first post 
14. Also extending from an opposite end of the curved resilient portion 12 is a 
second post 16, and extending from the end of the second post 16 is a projection 18. 
The projection 18 has a threaded hole 24 coaxially aligned with and directly opposed 
to the unthreaded hole 22 found at the free end of first post 14. The clamp 10 also 
has a screw 20 having a head 26 and threaded shaft 28. The shaft 28 of screw 20 is 
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inserted through the unthreaded hole 22 and then screwed into the threaded hole 24. 
As the screw 20 is tightened into hole 24, head 26 engages post 14 forcing the two 
posts 14 and 16 together, thereby causing the curved resilient portion 12 to deflect in 
such a manner that its radius will decrease. Deflection of the curved resilient portion 
12 will cause it to clamp down on any tubular structure that it may hold. Likewise, 
when the screw 20 is loosened the curved resilient portion 12, assuming that the 
aforementioned deflection is elastic, will expand as the two posts 14 and 16 move 
away from each other. 

[0004] Figure 2 shows a circular clamp 30 comprising a circular arc portion 32 
having a first end 34 and a second end 36. An unthreaded hole 40 is provided in the 
first end 34 of the circular clamp 30, and a threaded hole 42, which is coaxially 
aligned with hole 40, is provided in the second end 36 of the circular clamp 30. 
Furthermore, the circular clamp 30 also has a screw 38 having a threaded shaft 46 
and a head 44. The shaft 46 of screw 38 is first inserted through the unthreaded 
hole 40 and then screwed into the threaded hole 42. As the screw 38 is tightened, 
the head 44 engages the first end 34, thereby forcing the first and second ends 34 
and 36 of the circular clamp 30 together. This causes the circular arc portion 32 of 
the circular clamp 30 to contract radially and clamp down on any tubular structure 
that it may hold. Likewise, when the screw 38 is loosened, the circular arc portion 32 
will expand as the two ends 34 and 36 move away from each other. 
[0005] While the two clamps illustrated in Figures 1 and 2 may be able to hold 
certain tubular structures, these clamps lack a mechanism for limiting the amount of 
force they exert on such structures. Such a force-limiting mechanism is an important 
feature that acts to prevent unlimited generation of clamping forces, which can cause 
breakage, cracking, and/or buckling of brittle or pliable tubular structures. The prior 
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art clamps tighten down as the screw is tightened without any means for limiting the 
amount of contraction and force exerted by the clamp as a result of the screw being 
tightened. While these clamps may be suited for strong tubular structures made 
from materials which can sustain relatively large clamping forces without buckling or 
breaking, such as steel or thick plastic, they are not suited for tubular structures, 
such as those made of brittle materials such as glass, or pliable materials such as 
aluminum, which are delicate and can be easily cracked, broken or buckled if 
subjected to large clamping forces. 

[0006] For example, syringe pumps, which are commonly used in laboratory and 
medical instrumentation applications, include syringe mechanisms having tubular 
barrels made from ground glass, a very delicate material vulnerable to cracking 
when subjected to point contact forces. Clamps are placed on syringes as anti- 
rotation devices to prevent the syringes from unthreading and losing vacuum during 
cycling of the pumps and vibration of the instrument. Clamps without a force limiting 
mechanism, however, can cause delicate syringe barrels to crack or deform, 
resulting in broken barrels, leaks, and wasted material. 

[0007] For the foregoing reasons, there is a need for a clamp apparatus which 
evenly distributes the force it exerts on tubular structures and also has a built-in load 
limitation mechanism, which enables it to hold delicate tubular structures in a snug 
fashion without causing breakage or cracking of the structure. 

SUMMARY OF THE INVENTION 

[0008] In accordance with the foregoing and other objects, the present invention 
provides a clamp that includes a spring arm, a deflection arm, a protrusion, and an 
actuating device, which is suitable for clasping tubular structures by uniformly 
distributing the load and also limiting the amount of load exerted on the tubular 
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structure. The spring arm extends generally in an arc and has a first end and a 
second end. The protrusion projects from the spring arm proximate the second end 
thereof. The deflection arm is connected at a first end thereof to the first end of the 
spring arm and has a second end disposed in spaced relation with respect to the 
protrusion. The deflection arm is constructed and arranged such that relative 
movement of the protrusion and the second end of the deflection arm away from 
each other causes a corresponding circumferential contraction of the spring arm and 
relative movement of the protrusion and the second end of the deflection arm toward 
each other causes a corresponding circumferential expansion of the spring arm. The 
actuating device is engaged with both the protrusion and the second end of the 
deflection arm and is constructed and arranged to, upon manipulation thereof, effect 
relative movement of the protrusion with respect to the second end of the deflection 
arm to thereby cause a corresponding circumferential contraction or expansion of the 
spring arm. 

[0009] The invention also includes, according to another aspect thereof, a syringe 
pump assembly including a mechanized syringe and an anti-rotation clamp secured 
to the syringe and constructed and arranged to prevent rotation of the syringe by 
contacting a structure adjacent to the syringe. The syringe includes a barrel, a 
plunger disposed within the barrel for reciprocating movement therein, and a motor 
operatively coupled to the plunger for effecting mechanized movement of the 
plunger. The clamp includes a clamp body and an actuating device. The clamp 
body comprises a spring arm extending generally in an arc and having a first end 
and a second end, a protrusion projecting from the spring arm proximate the second 
end thereof, and a deflection arm connected at a first end thereof to the first end of 
the spring arm and having a second end disposed in spaced relation with respect to 
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the protrusion. The deflection arm is constructed and arranged such that relative 
movement of the protrusion and the second end of the deflection arm away from 
each other effects a corresponding circumferential contraction of the spring arm, and 
relative movement of the protrusion and the second end of the deflection arm toward - 
each other effects a corresponding circumferential expansion of the spring arm. The 
actuating device is engaged with the protrusion and the deflection arm and is 
constructed and arranged to, upon manipulation thereof, effect relative movement of 
the protrusion and the second end of the deflection arm with respect to each other to ■ 
thereby cause a corresponding circumferential contraction or expansion of the spring 
arm. 

[0010] With these and other objects, advantages and features of the invention 
that may become hereinafter apparent, the nature of the invention may be more 
clearly understood by reference to the following detailed description of the invention, 
the appended claims, and the drawings attached hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be described in detail with reference to the following 
drawings, in which like features are represented by common reference numbers and 
in which: 

[0012] Figure 1 illustrates a prior art clamp without a load limitation mechanism; 
[0013] Figure 2 illustrates a prior art circular clamp without a load limitation 
mechanism; 

[0014] Figure 3 is a plan view of a clamp according to a preferred embodiment of 
the present invention; 

[0015] Figure 4 is a perspective view of the clamp according to the preferred 
embodiment of the present invention; 
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[0016] Figure 5 is a partial view showing an alternative embodiment of the clamp 
of the present invention; 

[0017] Figure 6 is a perspective view of a syringe pump, for which the present 
invention can be employed as an anti-rotation device; and 
[0018] Figure 7 is a perspective view of a clamp installed on a syringe of a 
syringe pump. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0019] A clamp according to a preferred embodiment of the present invention is 
generally indicated by reference number 50 in Figures 3 and 4. The clamp 50 
includes a clamp body 51 and a force limited actuating device 76 operatively 
mounted on the clamp body 51 for selectively tightening or loosening the clamp 50, 
as will be described in more detail below. 

[0020] The clamp body 51 has a spring arm 52, which extends generally in an arc 
and has a first end 54 and a second end 56 connected by an angular extent 53 of at 
least a portion of a full circle having a substantially constant radius of curvature. The 
angular extent 53 preferably has at least about 250 degrees of arc and must be less 
than 360 degrees (and therefore has a gap between its ends) so that the spring arm 
52 can be contracted. The actual angular extent will depend on the application for 
which the clamp will be used. In a preferred embodiment, extent 53 has a range of 
about 270-300 degrees of arc. A protrusion 58 is formed adjacent the second end 
56 of the spring arm 52. 

[0021] Clamp body 51 further includes a deflection arm 60 which extends partially 
around an outer (i.e., convex) side of the spring arm 52 and has a straight portion 70, 
a curved portion 68, a first end 62, and second end 64. In a preferred embodiment, 
the curved portion 68 of the deflection arm has substantially the same curvature as 
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the spring arm 52, and the straight portion 70 is substantially parallel to an imaginary 
line 94 connecting first end 54 of spring arm 52 to second end 56 when the clamp 
body 51 is in a free, non-clamping state. The curved portion 68 preferably has an 
extent of about 150 degrees +/- 10-20 degrees of arc. 

[0022] The deflection arm 60 is co-joined at the first end 62 thereof to the first end 
54 of the spring arm 52, and is arranged so that the second end 64 of the deflection 
arm 60 is disposed in spaced relation with respect to the protrusion 58. In addition, a 
ridge 66 may be formed on a bottom surface of the first end 62 of the deflection arm 
60. The purpose of ridge 66 will be explained below in the context of application of 
the clamp 50 on a syringe pump. 

[0023] Because of the arrangement of the deflection arm 60 on the convex side of 
the spring arm 52, the configuration of the clamp body 51 is such that one side of the 
clamp, i.e., the lower side below surface 59 in the orientation in which the clamp is 
presented in Figure 3, is substantially devoid of structure. Therefore, the clamp can 
be installed on tubular structures that are adjacent to interfering structures that would 
otherwise inhibit use of a clamp, such as those shown in Figures 1 and 2, which 
includes structure that would completely surround the tubular structure on which it is 
installed. 

[0024] The clamp body 51 is preferably machined from a single piece of extruded 
6061 aluminum. Other materials are also contemplated, including an injection 
molded nylon or polypropylene. The inner surface 55 of the spring arm 52 may be 
etched or coated with a rubber (e.g., EPDM) to increase the friction between the 
inner surface 55 and the tubular structure that is being clamped and to aid in evenly 
distributing the clamping force exerted by the clamp via spring arm 52 on a clamped 
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tubular structure, especially where the tubular structure has or is expected to have 
surface irregularities. 

[0025] A threaded through hole 72 is provided in the second end 64 of the 
deflection arm 60. An unthreaded blind hole 74 or recess, is formed in the protrusion 
58 that is opposed to and coaxially aligned with hole 72, adjacent the second end 56 
of the spring arm 52. In a preferred embodiment, holes 72 and 74 (engagement 
means) are arranged so that a line connecting them is substantially parallel to an 
imaginary axis line 92 extending through the center of curvature 90 of the spring arm 
52 and bisecting a gap between first and second ends 54, 56 of the spring arm 52. 
[0026] An actuating device (means) is generally indicated at reference number 
76. In general, the actuating device 76 is a component of clamp 50 engaged with 
both the protrusion 58 and the deflection arm 60 and constructed and arranged to 
selectively effect relative movement of the second end 64 of the deflection arm 60 
and the protrusion 58 toward or away from each other. In the context of the present 
disclosure, the actuating device is engaged with the protrusion 58 or the deflection 
arm 60 if it is in contact with, connected to, interlocked with, or otherwise 
cooperatively associated with the protrusion or the deflection arm so as to be able to 
effect relative movement of the protrusion with respect to the deflection arm. In the 
preferred embodiment, the actuating device 76 is a threaded rod engaged with the 
deflection arm 60 near its second end 64 and the protrusion 58. Most preferably 
actuating device 76 is a thumb screw 75 with a knurled head 78 and a shaft 80, 
where the radius of the head 78 is larger than the radius of the threaded through 
hole 72. The shaft 80 includes an upper threaded portion 84 extending from head 78 
and has at its lower end, an unthreaded bald tip 82. It is not required that tip 82 be 
unthreaded. 
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[0027] Unlike the prior art clamps, such as those shown in Figures 1 and 2, in 
which a clamp-tightening screw is inserted first through an unthreaded hole and then 
into a threaded hole, in the clamp of the present invention, screw 75 is inserted first 
through the threaded hole 72 formed in the second end 64 of the deflection arm 60. 
The threaded hole 72 guides the screw 75 until the tip 82 is seated in the hole 74 
formed in the protrusion 58. The radius of the unthreaded blind hole 74 is greater 
than the radius of the tip 82, so that the tip 82 can enter the unthreaded blind hole 74 
and freely rotate as the screw 75 is screwed into the threaded through hole 72. 
[0028] The protrusion 58, spring arm 52, deflection arm 60, and actuating device 
76 are constructed and arranged such that manipulation of the actuating device 76 
will effect relative movement of the protrusion 58 with respect to the second end 64 
of the deflection arm 60 which effects a corresponding circumferential contraction or 
expansion of the spring arm 52. Contraction in the spring arm 52 created by the 
actuating device 76 exerts a clamping force on an object, such as a tubular structure 
held within its radius, that is generally equally distributed via the inner surface 55 of 
the spring arm 52. The clamp 50 also includes a load limitation mechanism that 
regulates the maximum amount of force exerted on a tubular structure by the clamp 
body 51 , as will be described in more detail below. 

[0029] The length of the screw 75 is preferably such that when the tip 82 is 
seated in the blind hole 74, and while the protrusion 58 and the second end 64 of the 
deflection arm 60 are in their normal, undeflected positions, the head 78 of screw 75 
is not in contact with a top surface 65 of the deflection arm 60. As the screw 75 is 
further rotated, the second end 64 of the deflection arm 60 advances with respect to 
the threaded portion 84 of the shaft 80 toward the head 78, while engagement of the 
tip 82 with the blind hole 74 of the protrusion 58 prevents movement of the protrusion 
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58 with respect to the screw shaft 80. It will be appreciated that the blind hole 74 
could dispensed with in an embodiment of the clamp in which engagement of the tip 
82 with the protrusion 58 would prevent the movement of the protrusion 58 with 
respect to the screw shaft 80. The relative movement of the second end 64 and the 
protrusion 58 away from each other effects a circumferential contraction of the spring 
arm 52, thereby applying a clamping force onto a tubular structure on which the 
clamp is installed. The clamping force can be released by reversing the rotational 
direction of the screw 75, thereby causing the second end 64 of the deflection arm to 
translate along the shaft 80 away from the screw head 78 so as to permit the second 
end 64 and the protrusion 58 to move toward their normal, undeflected positions. 
[0030] Unlike prior art clamps, such as those shown in Figures 1 and 2, where the 
actuating device forces two portions of a clamp body together to cause contraction of 
the clamp, the present invention pushes the protrusion 58 and the second end 64 of 
the deflection arm 60 away from each other in order to cause contraction of the 
clamp. As the protrusion 58 and the second end 64 of the deflection arm 60 are 
moved relatively away from each other, there will be a corresponding circumferential 
contraction of the spring arm 52, which is connected at the first end 54 thereof to the 
protrusion 58. Consequently, the circumferential contraction of the spring arm 52 
reduces the inner radius of the cylindrically shaped spring arm 52 which then exerts 
a clamping force on a tubular structure. 

[0031] Also unlike the prior art clamps, the actuating device 76 of the clamp 50, in 
cooperation with the clamp body 51, provides a mechanism for limiting and 
controlling the amount of load the clamp 52 is able to exert on a tubular structure. 
As the screw 75 is turned and the second end 64 of the deflection arm 60 advances 
up the shaft 80, the head 78 of the screw 75 comes into contact with the top surface 
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65 of the deflection arm 60 proximate the second end 64. Consequently, the 
second end 64 cannot be farther advanced up the shaft 80, and, as a result, the 
protrusion 58 and the second end 64 of the deflection arm 60 cannot be moved 
further away from each other. Thus, circumferential contraction of the spring arm 52, 
and the associated clamping force exerted thereby, is limited. Accordingly, the load 
limitation mechanism effects a limit on the maximum amount of clamping force that 
can exerted on a tubular structure by the clamp 50. As will be appreciated by 
persons of ordinary skill in the art, the maximum amount of force that can be exerted 
by the clamp 50 can be adjusted depending on the length of the shaft 80 of the 
screw 75. 

[0032] The load limitation mechanism of the clamp 50 enables the clamp 50 to be 
used to hold fragile or pliable tubular structures securely without causing breakage or 
buckling of the structure. 

[0033] In an alternative embodiment of the present invention, the clamp body 51 
can be modified by reversing the placement of the threaded through hole 72 and the 
unthreaded blind hole 74. That is, an unthreaded blind hole can be provided in the 
second end of the deflection arm 60, and a threaded through hole can be provided in 
the protrusion 58, adjacent the second end 56 of the spring arm 52. As with the 
preferred embodiment, the unthreaded blind hole is generally opposed to and 
coaxially aligned with the threaded through hole. 

[0034] To cause contraction of the spring arm 52 of this alternative arrangement, 
the screw 75 is inverted and inserted through the threaded through hole formed in 
the protrusion 58 and advanced until the tip 82 of the screw 75 is seated in the blind 
hole formed near the second end 64 of the deflection arm 60. Tightening of the 
clamp can thereafter be effected by continuing to rotate the screw thereby causing 
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the protrusion 58 to advance with respect to the threaded portion of the screw toward 
the screw head while engagement of the tip with the deflection arm near the second 
end 64 thereof prevents movement of the deflection arm 60 relative to the screw 
shaft. The corresponding relative movement of the protrusion 58 and the second 
end 64 away from each other will result in the circumferential contraction of the 
spring arm 52, and the spring arm 52 will exert an evenly distributed, controlled force 
on the tubular structure. Furthermore, the maximum amount of clamping load that 
can be exerted by the contracting spring arm 52 will be limited when the head 78 of 
the screw 75 comes into contact with a bottom surface 59 of the protrusion 58. The 
spring arm can be expanded, and the clamping force can be released, by merely 
reversing the direction of the screw 75 to permit the protrusion 58 and the second 
end 64 of the deflection arm 60 to move relatively toward each other and elastically 
return to their original relative positions. 

[0035] This alternative embodiment would not be desirable in an application in 
which the clamp is installed such that the bottom surface 59 of the clamp body 51 
abuts, or is closely adjacent to, a wall or other structure that would interfere with a 
screw head. 

[0036] In another alternative embodiment of the present invention shown in 
Figure 5, a nut and screw arrangement can be employed as the actuating device 76, 
such that the clamp body 51 itself would not require any threaded holes. A screw 
75\ having a head 78' and a shaft 80' with a threaded portion 84' and a tip portion 
82\ is inserted through hole 72' formed near the second end 64 of the deflection arm 
60, and the tip 82* is seated in the blind hole 74 formed in the protrusion 58. A nut 
88 is rotated about the threaded shaft portion 84', and the length of the screw 75' is 
such that the head 78' does not initially contact the top surface 65 proximate the 
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second end 64 of the deflection arm 60 when the second end 64 and the protrusion 
58 are in their normal, undeflected positions. The nut 88 is advanced up the 
threaded portion 84' of the shaft 80' until it contacts a bottom surface 67 proximate 
the second end 64 of the deflection arm 60. Further rotation of the nut 88, while 
holding the screw 75' against rotation, will advance the nut 88 further up the shaft 80' 
in the direction of the arrow toward the head 78\ The movement of the nut 88 forces 
the second end 64 toward the head 78\ while engagement of the tip 82' with the 
blind hole 74 prevents movement of the protrusion 58 with respect to the screw shaft 
80\ This relative movement of the second end 64 and the protrusion 58 away from 
each other effects a circumferential contraction of the spring arm 52, thereby 
applying a clamping force against a tubular structure on which the clamp is installed. 
The clamping force can be released by reversing the direction of the nut 88 so as to 
permit the second end 64 and the protrusion 58 to move toward their normal, 
undeflected positions. 

[0037] The alternate embodiment shown in Figure 5 also includes a load limiting 
feature in that the nut 88 can only be advanced toward the head 78 1 until the top 
surface 65 of the deflection arm 60 contacts the head 78', thereby limiting the 
maximum clamping force that can be generated. 

[0038] The alternative embodiment of Figure 5 can be modified by providing 
screw threads in the blind hole 74 in the protrusion 58 and by providing threading on 
the screw shaft 80' all the way to the tip 82'. The screw 75' can then be screwed 
tightly into the blind hole 74, so that the screw 75' will be secured against rotation as 
the nut 88 is rotated to advance it toward the head 78\ Screw 75' could also be 
secured by other means, such as, for example, welding or adhesive. 
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[0039] Figure 6 show an exemplary syringe pump 200 of the type on which the 
clamp 50 of the present invention might be employed. Syringe pump 200 includes a 
housing 202, a motor 204 contained within the housing 202, a valve assembly 206, a 
syringe 100 operatively coupled to the valve assembly 206, and a movable arm 208 
operatively coupled to both the motor 204 and the syringe 100. The syringe 100 
includes a glass barrel 102, a plunger 104 disposed within the barrel 102, and a hub 
1 06 with a projecting nipple 1 08 (partially shown) which is threaded for connecting 
the barrel 102 with the valve assembly 206. Pumping is effected by movement of 
the plunger 104 by the movable arm 208 powered by the motor 204. Exemplary 
syringe pumps on which the clamp of the present invention can be installed as an 
anti-rotation device include the model XP3000 Modular Digital Pump available from 
Cavro Scientific Instruments, Inc. of San Jose, California, and the PSD/4 syringe 
pump, model 7858-04 available from Hamilton Company of Reno, Nevada. 
[0040] As was explained briefly in the Background section above, repeated 
cycling of the plunger 104 during operation of the syringe pump 200 and/or vibration 
of an instrument on which the syringe pump 200 is installed can cause the barrel 102 
and/or the hub 106 to rotate, thereby causing the nipple 108 to be loosened with 
respect to the valve assembly 106. 

[0041] Figure 7 shows an application of the clamp 50 according to the present 
invention whereby the clamp 50 is installed on a syringe 100 of a syringe pump. 
Clamp 50 is secured to the syringe 100, preferable to the hub 106, and the clamp 50, 
and more specifically ridge 66, contacts a surface 210 to prevent rotation of the 
syringe 100. Surface 210 may be an end wall of the housing 202 of the pump 200, 
some other component of pump 200, or some other structure of the instrument on 
which the pump 200 is installed that is adjacent to the syringe 100. 
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[0042] It can be appreciated from Figure 7 that the arrangement of the clamp 50 
allows it to be installed on a tubular structure, such as syringe 100, which is closely 
adjacent to a structure (e.g., surface 210) which would otherwise preclude, or at 
least make very difficult, use of a conventional clamp, such as either of the clamps 
shown in Figures 1 and 2. 

[0043] While the invention has been described in connection with what are 
presently considered to be the most practical and preferred embodiments, it is to be 
understood that the invention is not to be limited to the disclosed embodiments, but, 
on the contrary, is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 



15 



